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Research on active earth
pressure of narrow cohesionless
backfill against rigid walls
considering the arching effect

Yanchen Liu, Renrong Li* and Yu Wang

College of Civil Engineering, Jiangsu Open University, Nanjing, China

Retaining walls are usually located next to existing structures. This runs counter
to the traditional theoretical presumption of semi-infinite space, making it
unsuitable to continue applying Coulomb’s theory. In order to design retaining
walls with narrow backfill, improving the established theory and seeking an
economical design theory are necessary. This paper puts forward an analytical
approach for estimating the active earth pressure of narrow backfills. The
approach, based on the slice-element method, takes into account the arching
effect. The results obtained are verified through centrifuge tests, numerical
computations, and analytical methods. Additionally, parametric studies are
conducted to gain a comprehensive understanding of problems related to earth
pressure. These studies consider how sensitive design variables, such as the
soil friction angle, the wall–soil interface friction angle, and the aspect ratio,
influence the active thrust coefficient and the height of the application point
of the active thrust from the base. To enable the practical utilization of this
analytical approach, a simplified design table related to the standard Coulomb
solutions is provided at the end.

KEYWORDS

active earth pressure, arching effect, slice element, narrow cohesionless backfill,
retaining structure

1 Introduction

Retaining walls aremainly used to prevent the fill from slipping or collapsing and ensure
the stability and safety of the structure. Earth pressure calculation is an important part
of retaining wall design. Traditionally, the active earth pressure acting on rigid retaining
walls is computed using Coulomb’s or Rankine’s theory [1, 2]. It is assumed that the active
earth pressure along the wall is distributed linearly. However, several studies indicate that
the distribution of active earth pressure is non-linear for rough walls [3–5]. This difference
between linear and non-linear distributions of earth pressure is mainly due to the wall–soil
interface friction angle [6].

The above-mentioned methods are based on the assumptions that the backfill behind
the rigid wall extends to a sufficient distance and the sliding plane is fully developed in the
backfill. However, retaining walls are constructed adjacent to existing structures or near the
rock faces in practical applications, and the backfill behind the wall is of finite width [7].This
conflicts with the assumption of a triangular thrust wedge formed in a soil mass within the
semi-infinite space.This may be because the thrust wedge fails to form in the shape and size
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anticipated by these methods. Therefore, a new analytical approach
needs to be presented to more precisely estimate the active earth
pressure against rigid walls with narrow backfills.

Previous centrifuge tests have been performed tomeasure lateral
earth pressures behind retaining walls with narrow backfills. The
results show that the wall–soil interface friction leads to a rotation
of the principal stresses, which causes an arching effect. This leads
to a non-linear distribution of earth pressures behind the wall, and
the total lateral earth pressure is less than that predicted through
conventional methods [8, 9]. The results of field monitoring proved
this phenomenon [10]. The arching effect in narrow backfills has
a more pronounced effect on the earth pressure distribution. The
particle image velocity (PIV) technique has been introduced into
model tests to study the distribution of soil stresses at different aspect
ratios, which confirms the existence of the soil arch effect [11, 12].
Nevertheless, the progression of experiments has been rather tepid.
The root causes lie in the increasing complexity of simulatedworking
conditions and the substantial cost of resources.

Considering the above-mentioned shortcomings, many studies
have used cost-effective and powerful numerical tools, such as the
finite element method (FEM) [13, 14], the discrete element method
(DEM) [15, 16], and finite-element limit analysis (FELA) [17, 18].
Numerical calculations are usually carried out for specific conditions
and are more demanding on engineers. Therefore, they are not
suitable for widespread use in engineering.

Many analytical methods have been used to estimate the
active earth pressures on retaining walls with narrow backfills;
the limit equilibrium method and slice-element method are two
representative calculation methods. The first method has been used
to calculate the total horizontal earth pressure with multiple slip
surfaces, but this method was unable to obtain the distribution of
earth pressures [19]. Recently, the finite-difference theoremhas been
used to compensate for the shortcomings [20, 21]. The distribution
of earth pressure behind the wall can be easily obtained using the
slice-element method [22]. In-depth analytical studies on retaining
structures have been conducted, leading to proposed reinforcement
strategies and guidelines for soil pressure analysis [23–25]. To
estimate the distribution of pressure inside a narrow backfill, an
approach for computing the active pressure in a two-dimensional
stress solution was presented [26]. This method assumes that the
vertical stress σz does not vary with the width of the backfill, while
it is not completely independent of the width of the backfill in
reality. The influence of the width of the backfill on σz cannot be
ignored. Although existing methods provide theoretical solutions,
the complex computational processes limit the practical engineering
applications.

This study investigates a rigid retaining wall of height H
supporting a cohesionless narrow backfill of width B. Key
parameters include the soil internal friction angle φ, the wall–soil
interface friction angle δ, and the unit weight r. Based on a sliding
plane model, a practical approach for calculating the active earth
pressure of the narrow cohesionless backfill is proposed.The validity
of proposed solutions is verified by previous studies. The effects
of the soil friction angle φ, the wall–soil interface friction angle
φ, and the aspect ratio B/H on the earth pressure are investigated.
To enhance the practical application of the proposed method, a
simplified design table related to the standard Coulomb solutions
is provided.

2 Proposed analytical methods

Figure 1A shows an analysis model considering both principal
stress transfer mechanisms and failure mechanisms. The model
can be used to research the active earth pressure of the narrow
cohesionless backfill. The sliding plane intersects with the opposite
wall (or rock face), and the depth of intersection from the wall top
zc can be calculated using Equation 1:

zc =H−B tan α , (1)

where H is the height of the retaining wall, B is the width of the
narrow backfill, and α is the rupture angle, which is discussed below.

Some basic assumptions are made to simplify the
analysis as follows:

(1) The backfill is cohesionless and meets the Mohr–Coulomb
failure criterion.

(2) Themovement of retaining walls is sufficient to cause the limit
state of soil and fullmobilization ofwall–soil interface strength.

(3) The failure surface consists of two planes: ab and bc. The
rupture angle α (angle between the slip surface ab and the
horizontal plane) can be determined using Coulomb’s theory,
as shown in Equation 2 [27]:

α = a tan(√tan2φ+
tan φ

tan(φ+ δ)
+ tan φ), (2)

where φ is the soil friction angle and δ is the wall–soil interface
friction angle.

(4) The trajectories of minor principal stresses in the upper and
lower zones (as shown in Figure 1A) are assumed to be
circular arcs [28].

2.1 Upper zone

In the upper zone, the slice element is rectangular, as shown in
Figures 1B,D, and the lateral earth pressure σh at any depth acting on
the wall in the upper zone is governed by Equation 3, which is based
on Janssen’s arching theory [29].

σh =
γB
2μ
(1− e−

2Kaμ
B
·z), (3)

where r is the unit weight of the backfill and z is the distance from
the top of the wall. μ can be calculated using Equation 4:

μ = tan δ. (4)

Ka =
3(KR cos2 θ+ sin2 θ)
3KR − (KR − 1)cos

2 θ
. (5)

In Equation 5, KR is the ratio of major to minor principal stresses,
which is provided in Equation 6:

KR = tan2(45° +φ/2), (6)
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FIGURE 1
Sliding model for active earth pressure with a narrow fill: (A) trajectory of minor principal stresses, (B) calculation model in the upper zone, (C)
calculation model in the lower zone, and (D) free-body diagram of the slice element.
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where θ is the angle between the minor principal stress
surface and the horizontal plane at the wall, as shown
in Equation 7:

θ = tan−1[[

[

(KR − 1) ±√(KR − 1)2 − 4KRμ2

2μ
]]

]

. (7)

2.2 Lower zone

In the lower zone, the slice element is trapezoidal, as shown in
Figures 1C,D. By summing the vertical forces acting on the slice
element, Equation 8 can be obtained:

dσvBz + σvKaμdz = γBzdz, (8)

where σv is the average vertical stress across the slice element.
Substitution of Bz = (H− z)/ tan α into Equation 8 yields a
differential Equation 9 with a general solution:

σv = C · (H− z)Kaμ tan α −
γ(H− z)

1−Kaμ tan α
, (9)

where C is an integration constant. It is considered a boundary
condition that the average vertical stress σv at the interface bd (as
shown in Figure 1D) of the upper and lower zones is equal. The
average vertical stress σv at the interface bd is denoted by σvc, which
can be calculated using Equation 10:

σvc =
γB
2Kaμ
(1− e−

2Kaμ
B
·zc). (10)

Therefore, the particular solution to this differential
equation (Equation 8) in the lower zone can be calculated
as follows:

σv = (σvc +
γ(H− zc)

1−Kaμ tan α
) · ( H− z

H− zc
)
Kaμ tan α
−

γ(H− z)
1−Kaμ tan α

.

(11)

The lateral earth stress at any depth acting on the
wall in the lower zone can be calculated by multiplying
Equation 11 by Ka (which is determined using Equation 5), as
shown in Equation 12:

σh = (σvcKa +
γKa(H− zc)
1−Kaμ tan α

) · ( H− z
H− zc
)
Kaμ tan α
−

γKa(H− z)
1−Kaμ tan α

.

(12)

2.3 Magnitude and height of application of
the lateral active force

The magnitude of lateral earth pressure exerted on the wall can
be calculated using Equation 13:

P = ∫
H

0
σhdz = ∫

zc

0

γB
2μ
(1− e−

2Kaμ
B ·z)dz

+ ∫
H

zc
((σvcKa +

γKa(H− zc)
1−Kaμ tan α

)( H− z
H− zc
)
Kaμ tan α
−

γKa(H− z)
1−Kaμ tan α

)dz. (13)

The moment generated by the lateral earth pressure on the wall
can be calculated using the following Equation 14:

M = ∫
H

0
σh(H− z)dz = ∫

zc

0

γB
2 tanδ
(1− e−

2Kawn tanδ
B
·z)(H− z)dz

+ ∫
H

zc
((σvcKa +

γKa(H− zc)
1−Kaμ tan α

)( H− z
H− zc
)
Kaμ tan α
−

γKa(H− z)
1−Kaμ tan α

)(H− z)dz, (14)

Themodified active earth pressure coefficientK was determined
through back-calculation, as shown in Equation 15:

P = 1
2
K · γH2. (15)

The height of application of the lateral active force
h can be calculated using Equation 13 and Equation 14,
as shown in Equation 16:

h = M
P
. (16)

Based on Equation 15, when δ = 0°, the height of application
of the lateral active force is one-third of the wall height. This is in
agreement with the results obtained from Coulomb’s or Rankine’s
theory [1, 2]. When zc <0, the outer basement wall is outside
the influence of the sliding wedge, and the active earth pressure
equation for the retaining wall should be reduced to the Paik
solution [3].

3 Comparison with previous studies

To verify rationality and accuracy, the proposed method is
compared with results from previous geotechnical centrifuge tests,
FEM, and analytical solutions in terms of σh/rH on retaining walls
with a narrow cohesionless backfill. The active earth pressure on
retaining walls near a rock face with narrow, cohesionless backfills
at an acceleration of 43.7 g was measured [8]. In this study, the
unit weight, internal friction angle, and relative density of the
cohesionless backfill were 15.8 kN/m3, 36°, and 70%, respectively.
The wall–soil interface friction angle was 25°. The tests were
designed under five different aspect ratios (B/H = 0.1, 0.19, 0.22,
0.3, and 1.1). The measured earth pressures at different depths did
not explicitly correspond to a specific aspect ratio in the paper.
Therefore, representative testing datawere compiled for comparison,
with the aspect ratio assumed to be 0.235. The value is close to
the mean value obtained from the model tests. The geotechnical
centrifuge test results are commonly used as a benchmark for
comparing the different theories for predicting the lateral earth
pressure. Numerical solutions for the active earth pressure against
retaining walls with B/H = 0.235 were provided by Fan and Fang
using the centrifuge test [14]. Analytical solutions based on the
limit equilibrium method without considering the arching effect
were presented by Greco, and the arched differential elements were
presented by Lai [19, 30].

Figure 2 shows a comparison between the results obtained by
the proposed analytical method and those obtained from centrifuge
tests, numerical calculations, and existing analytical methods.
Considering the diverse aspect ratios comprehensively examined
through centrifuge tests, the proposed solutions agree well with
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FIGURE 2
Comparison of the results obtained by the proposed analytical
method with those of the centrifuge test, numerical calculation, and
existing analytical method.

the results from centrifuge tests. The proposed analytical method
is smaller than the Coulomb solution based on infinite space; this
may be because the sliding wedge fails to develop fully in the narrow
backfill. The differences among the existing solutions suggest that
the assumption of semi-infinite backfill space may not be suitable
for the economic design of retaining walls with narrow cohesionless
backfills.

4 Parametric studies

In this section, a parametric study of the proposed analytical
method was conducted. Sensitive influencing parameters were
chosen, such as the soil friction angle φ, the wall–soil interface
friction angle δ, and the aspect ratio B/H. Calculations were
carried out for the height of the application point of active
thrust to the base h/H, the active thrust coefficient K, and the
normalized horizontal active earth pressure distribution σh/rH.
These parameters are generally considered routine indicators in
retaining wall design. It should be noted that the purpose of a
parametric study is to offer more optimal guidance for engineering
design. Because the calculated parameters should cover most of
the range of practical engineering, the soil friction angle ranges
from 20° to 40°, the wall–soil interface friction angle ranges
from 0 to 0.8 φ, and the aspect ratios are set from 0.1 to
0.8. Moreover, a wider range of parameters is listed in Table 1
for reference.

4.1 Effect of the soil friction angle

The change in the height of the application point of active thrust
h/H and the active thrust coefficient K with the soil friction angle
φ under different aspect ratios B/H are shown in Figures 3A,B,
respectively. It should be noted that the ratio of the wall–soil

interface friction angle to the soil friction angle δ/φ is fixed at 0.8
for the investigation of the effect of the soil friction angle. Figure 3A
shows that the height of the application point of active thrust h/H
obtained by the proposed method is approximately distributed in
the range of 0.35H–0.43H, which is slightly higher than that of
Coulomb’s theory, and the height of the application point of active
thrust h/H is not much affected by the change in the soil friction
angle φ for the case of a fixed aspect ratio B/H. The aspect ratio
B/H gradually increases with the decrease in the height of the
application point of active thrust h/H and is close to the assumption
of infinite space. In Figure 3B, due to the arching effect, the active
thrust coefficient K decreases in a concave curve with the soil
friction angle φ. For a given soil friction angle φ, the larger the
aspect ratioB/H, the larger the active thrust coefficientK in a narrow
cohesionless backfill. When B > H cotα, σh no longer changes, and
K remains constant.

Figure 3C shows the variation in the normalized horizontal
active earth pressure σh/rH with the depth of the retaining wall z/H
under different soil friction angles φ, and the aspect ratio B/H is
equal to 0.3. In Equation 1, the height of the sliding zone changes
with the change in the rupture angle α. In Equation 2, the soil friction
angle φ significantly affects the rupture angle α and has a significant
impact on the distribution of σh. As the soil friction angleφ increases,
the height of the sliding zone gradually increases and σh decreases
significantly. This shows that the larger the soil friction angle φ, the
stronger the arching effect.

4.2 Effect of the wall–soil interface friction
angle

Figures 3D,E show the change in the height of the application
point of active thrust h/H and the active thrust coefficient K
with the wall–soil interface friction angle δ under different aspect
ratios B/H, respectively. It should be noted that the soil friction
angle φ is fixed at 40° for the investigation of the effect of the
wall–soil interface friction angle. Figure 3D shows the height of the
application point of active thrust h/H obtained by the proposed
method, and the approximate range is 0.33H–0.41H, which is
similar to Figure 3A. When the wall–soil interface friction angle
δ is 0, the height of the application point of active thrust h/H
coincides with Coulomb’s theory. Figure 3E shows that the active
thrust coefficient K decreases with the increase in the wall–soil
interface friction angle δ for a narrow backfill. When B/H >0.4,
the decreasing trend slows down. When the wall–soil interface
friction angle δ is kept constant, the active thrust coefficient K
increases with aspect ratios B/H first and then remains constant.
When B/H >0.6, the active thrust coefficient K is not affected
by aspect ratios B/H because a complete triangular thrust wedge
can be formed.

Figure 3F shows the variation in the normalized horizontal
active earth pressure σh/rH with the depth of the retaining wall z/H
under different wall–soil interface friction angles δ, and the aspect
ratio B/H is 0.3. For any wall–soil interface friction angle δ, the
horizontal soil pressure σh first increases up to a certain point and
then decreases rapidly to 0 at the bottom of the wall. It can also be
observed that the horizontal earth pressure σh decreases with the
increasing wall–soil interface friction angle δ at a given wall depth,
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TABLE 1 Modified active earth pressure coefficient and the height of the application point of active thrust involved in retaining walls with cohesionless
backfills.

B/H φ/(°) δ/φ = 0 δ/φ = 0.2 δ/φ = 0.4 δ/φ = 0.6 δ/φ = 0.8

K h/H K h/H K h/H K h/H K h/H

0.1

10 0.704 0.333 0.603 0.347 0.526 0.359 0.465 0.371 0.417 0.383

20 0.490 0.333 0.397 0.352 0.330 0.369 0.281 0.385 0.243 0.401

30 0.333 0.333 0.269 0.352 0.223 0.370 0.188 0.387 0.161 0.405

40 0.217 0.333 0.180 0.350 0.152 0.366 0.130 0.383 0.111 0.402

50 0.132 0.333 0.114 0.347 0.100 0.360 0.087 0.375 0.076 0.393

0.2

10 0.704 0.333 0.652 0.340 0.609 0.347 0.574 0.354 0.548 0.361

20 0.490 0.333 0.441 0.343 0.402 0.353 0.371 0.363 0.347 0.374

30 0.333 0.333 0.299 0.344 0.272 0.355 0.250 0.365 0.234 0.378

40 0.217 0.333 0.197 0.344 0.181 0.354 0.168 0.364 0.158 0.377

50 0.132 0.333 0.123 0.343 0.115 0.352 0.108 0.362 0.103 0.375

0.4

10 0.704 0.333 0.677 0.338 0.657 0.342 0.643 0.346 0.638 0.350

20 0.490 0.333 0.464 0.340 0.445 0.347 0.432 0.353 0.429 0.360

30 0.333 0.333 0.314 0.342 0.301 0.350 0.292 0.358 0.290 0.367

40 0.217 0.333 0.205 0.343 0.197 0.352 0.192 0.362 0.191 0.373

50 0.132 0.333 0.125 0.343 0.120 0.353 0.117 0.364 0.117 0.377

0.6

10 0.704 0.333 0.685 0.338 0.673 0.341 0.667 0.345 0.671 0.348

20 0.490 0.333 0.470 0.341 0.458 0.347 0.453 0.353 0.458 0.360

30 0.333 0.333 0.317 0.343 0.307 0.351 0.303 0.360 0.307 0.369

40 0.217 0.333 0.206 0.344 0.198 0.353 0.194 0.363 0.196 0.375

50 0.132 0.333 0.125 0.343 0.120 0.353 0.117 0.364 0.117 0.377

0.8

10 0.704 0.333 0.688 0.338 0.678 0.342 0.676 0.345 0.685 0.348

20 0.490 0.333 0.471 0.341 0.461 0.348 0.458 0.354 0.467 0.361

30 0.333 0.333 0.317 0.343 0.307 0.351 0.303 0.360 0.309 0.370

40 0.217 0.333 0.206 0.344 0.198 0.353 0.194 0.363 0.196 0.375

50 0.132 0.333 0.125 0.343 0.120 0.353 0.117 0.364 0.117 0.377

Coulomb’s theory

10 0.704 0.333 0.685 0.333 0.669 0.333 0.656 0.333 0.644 0.333

20 0.490 0.333 0.469 0.333 0.453 0.333 0.441 0.333 0.433 0.333

30 0.333 0.333 0.316 0.333 0.305 0.333 0.299 0.333 0.296 0.333

40 0.217 0.333 0.206 0.333 0.201 0.333 0.199 0.333 0.202 0.333

50 0.132 0.333 0.127 0.333 0.125 0.333 0.128 0.333 0.135 0.333
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FIGURE 3
Sensitivity analysis of different parameters: (A) effect of the soil friction angle on the normalized height of the application point of active thrust, (B)
effect of the soil friction angle on the active thrust coefficient, (C) effect of the soil friction angle on the active earth pressure distribution, (D) effect of
the wall–soil interface friction angle on the normalized height of the application point of active thrust, (E) effect of the wall–soil interface friction angle
on the active thrust coefficient, (F) effect of the wall–soil interface friction angle on the active earth pressure distribution, and (G) effect of the aspect
ratio on the active earth pressure distribution.
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which is related to the increase in friction at the wall–soil interface.
Friction betweenwalls and soil increases the principal stress rotation
angle θ (as shown in Equation 7), which enhances the arching effect.
However, the effect of the wall–soil interface friction angle δ on the
horizontal soil pressure σh is relatively limited compared to that of
the soil friction angle φ.

4.3 Effect of the aspect ratio

Assuming that the soil friction angle φ is 40° and the wall–soil
interface friction angle δ is 0.8, the distribution of the horizontal soil
pressure σh under different aspect ratios B/H is shown in Figure 3G.
It can be observed that the aspect ratio has a significant effect
on the magnitude of soil pressure. The horizontal soil pressure
σh decreases rapidly with decreasing aspect ratio B/H at a given
depth of the retaining wall z/H. When the aspect ratio B/H was
reduced from 0.8 to 0.1, the maximum horizontal soil pressure was
almost halved. This is because as the aspect ratio B/H decreases,
the ratio of contact friction at the wall–soil interface to the
self-weight of the narrow backfill increases, leading to a more
significant soil arching effect. Once the aspect ratio B/H > cotα,
the horizontal soil pressure σh remains constant at a specific depth.
This suggests that the use of Coulomb’s theory based on a triangular
thrust wedge to calculate narrow retaining walls will greatly
overestimate themagnitude of earth pressures andmay lead to overly
conservative design.

At different aspect ratios B/H, the earth pressure increases with
depth to a maximum value first and then decreases rapidly to 0.
The depth of this maximum value decreases with the increase in
the aspect ratio B/H. One reason may be that as the depth of
the retaining wall increases, more vertical load is carried by the
wall–soil friction [31]. All the above calculations show that the direct
use ofCoulomb’s theorywithout furthermodifications is not suitable
for accurately estimating the active earth pressure on a retainingwall
with a narrow backfill.

5 Simplified design methods

It is not very convenient to directly use Equations 12, 13, and 16
to calculate the active earth pressure in practice, which will greatly
limit its practical application, and this is the reason why Coulomb’s
theory is still widely used in geotechnical engineering design. Based
on the above parameter analysis, the modified active earth pressure
coefficient K and the height of the application point of active
thrust h/H under different working conditions are summarized
in Table 1. The Coulomb solution is also listed in Table 1
for comparison.

The ranges of values for the soil friction angle φ, the aspect ratio
B/H, and the wall–soil interface friction angle δ were determined to
satisfy engineering applications [27, 30]. Table 1 shows the variation
in K and h/H with φ and δ/φ for various values of B/H. At δ/φ = 0,
K is only relevant to φ, is independent of B/H, and is consistent with
Coulomb’s theory. It can also be observed in the table that the value
of K decreases with increasing φ at a rate that increases gradually
with increasing φ. Table 1 shows that the height of the application
point of active thrust h/H increases with δ/φ and decreases with φ.

It can be observed that the height of the application point of active
thrust h/H for δ/φ is 0·33, regardless of the internal friction angle φ
and the aspect ratiosB/H.This is consistentwithCoulomb’s theory. It
should be noted that when B/H > cotα, the triangular thrust wedge
behind the rigid wall can develop fully so that K and h/H are no
longer related toB/H, as shown in the gray part of Table 1. In Table 1,
the earth pressure obtained by Coulomb’s theory does not consider
the effect of B/H, and the earth pressure decreases significantly with
the decrease in B/H, so Coulomb’s theory is more conservative.
The earth pressure obtained by the proposed method is more
reasonable. The active earth pressure of the narrow, cohesionless
backfill against rigid walls can be obtained using Table 1, while
cases involving unsaturated soils and passive earth pressures
are not considered.

6 Conclusion

Most of the existing analytical methods for estimating
active earth pressures on narrow retaining walls were complex,
which hinders their application in practical engineering. In
this paper, according to the slice-element method, a practical
method is proposed to estimate the active earth pressure of
the narrow cohesionless backfill against rigid walls, considering
the arching effect. Results of the proposed analytical method
are verified using centrifuge tests, numerical calculations, and
existing analytical methods. A series of parametric studies revealed
the effects of the soil friction angle φ, the wall–soil interface
friction angle δ, and the aspect ratio B/H on the height of
the application point of active thrust h/H, the modified active
thrust coefficient K, and the normalized horizontal active earth
pressure distribution σh/rH. A table for the calculation of K
and h/H is provided for direct use of the proposed analytical
method. Based on the above analysis, the following conclusions
can be drawn.

(1) The effect of the aspect ratio B/H on the modified active earth
pressure coefficient K is significant. When B/H < cotα, K
increases with increasing B/H at a rate that decreases gradually
with increasing B/H. When B/H > cotα, the triangular thrust
wedge behind the rigid wall can develop fully, and K and h/H
no longer vary with B/H.

(2) For a given aspect ratio, the modified active thrust coefficient
K decreases with the increasing soil friction angle φ and
the wall–soil interface friction angle δ. Compared to their
effect on K, φ and δ exhibit relatively minor influence
on the height h/H, which reaches a maximum value
approximately 30% larger than that calculated through
Coulomb’s theory.Theparameter h/H increaseswithφfirst and
then decreases with φ while showing a slight increasing trend
with δ.

In this paper, the simplified earth pressure calculation
method for retaining walls with a narrow backfill provides
insights for the design of excavations close to basement
walls, highways through mountainous terrains, and other
projects, although several limitations cannot be neglected. This
method may not be suitable for the case involving inclined
rock or retaining walls since the difference in the interfacial
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behavior between the two retaining structures is neglected.
Nevertheless, the proposed analytical method provides valuable
guidance for the practical design of retaining walls with a
narrow backfill.
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